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Methylotrophic yeasts can selectively use substrates from a mixture of different
carbon sources, but glucose being the preferred ones. Shift of methanol-grown cells into
a glucose containing medium leads to fast inactivation and degradation of peroxisomal
and cytosolic enzymes of methanol metabolism. This phenomenon is known as catabolite
inactivation which can occur due to proteolytic degradation. Degradation of peroxisomal
enzymes occurs due to the autophagic degradation (pexophagy) in methylotrophic yeast
whereas mechanisms of degradation and inactivation of cytosolic enzymes of methanol me-
tabolism remain unknown. We studied inactivation and degradation of cytosolic enzyme
fructose-1,6-bisphosphatase (FBPase) versus peroxisomal alcohol oxidase (AOX). Degra-
dation of FBPase was defective in the mutant of Pichia pastoris SMD1163 (pep4 prbl)
defective in vacuolar proteinases suggesting the role of vacuoles in degradation of cytosolic
enzyme of methanol metabolism. Inactivation and degradation of FBPase was also strongly
retarded in Agss1mutant defective in glucose sensor suggesting the role of glucose signaling
in these processes.

Keywords: methylotrophic yeast, fructose-1,6-bisphosphatase, catabolite inactiva-
tion, proteolytic degradation.

The methylotrophic yeast Pichia pastoris has become an important host organism for re-
combinant protein production [10]. The success of methylotrophic yeasts in the production of re-
combinant proteins is highly linked to the very strong and tightly regulated promoters of some
genes of the methanol utilization pathway (MUT pathway) [9]. Proteolytic degradation has been
a perpetual problem when yeasts are employed to express recombinant proteins. However, no in-
depth analysis on the conditions that promote proteolysis or the nature of the proteases acting on the
desired protein are exactly known [16]. To obtain strains defective in proteolysis of heterologous
proteins we should explore proteolysis mechanisms of cytosolic proteins in methylotrophic yeasts.
Two alternative mechanisms for the proteolysis have been described: (a) degradation by vacuolar
proteases — autophagy, and (b) ubiquitin-dependent degradation — proteasomal degradation [4].

Inactivation and degradation of cytosolic enzymes on example of fructose-1,6-bisphos-
phatase (FBPase) have been most extensively studied in backer’s yeast [15]. When Saccharomy-
ces cerevisiae cells are cultivated in media containing a nonfermentable carbon source, glucose
is synthesized via the gluconeogenic pathway. Shifting these cells to glucose-containing media
leads to a rapid switch from gluconeogenesis to glycolysis. During this metabolic adaptation, the
key regulatory gluconeogenetic enzyme, FBPase [6], is rapidly inactivated and then degraded in
a process called catabolite inactivation. This inactivation process consists of two separate steps:
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1) phosphorylation of the enzyme and 2) degradation of the protein [15]. The catabolite repres-
sion by glucose and related sugars is an example of the quite different regulatory mechanisms,
which includes transcription repression and control of translation by the RNA-binding proteins
[7]. It was shown that the glucose-induced degradation of FBPase in backer’s yeast occurred both
in the proteasome and in the vacuole, depending on the growth conditions. For example, when
cells were starved for a short period of time (for 1 day) and then shifted to glucose, FBPase was
degraded in the proteasome. However, when glucose was added to cells that have been starved for
longer periods of time (for 3 days), FBPase was degraded in the vacuole [1, 2]. Since pathways
of cytosolic enzymes inactivation and degradation in methylotrophic yeast remain unknown, we
studied these processes on example of FBPase in P. pastoris.

Materials and methods

The wild type strain of Pichia pastoris GS200 his4 arg4 [3], the strain with both defec-
tive vacualar proteinases pep4 and prbl SMD1163 [18] and also the Agss/strain with deletion of
a gene coding a glucose sensor, Gss1p were used in this research. Last one was obtained by the
replacement of the ORF of GSS/ by the ScARG4 [14]. Rich YPD medium contained 0.5% yeast
extract, 1.5% peptone, and 2% glucose. Synthetic minimal medium contained carbon source (1%
methanol or 2% glucose), 0.17% yeast nitrogen base without amino acids and ammonium sulfate
(YNB), 0.5% ammonium sulfate, and 40mg/l of amino acids (histidine, arginin) if needed. All
strains were grown at 30 °C, 220 rpm. Solid media contained 2% agar.

Cells were grown in methanol containing media for 1 day or 3 days to induce FBPase and
peroxisomal alcohol oxidase (AOX). Then cells were shifted to fresh glucose containing medium
without Nitrogen source and with special proteasome inhibitor MG132 (carbobenzoxyl-L-leucyl-
L-leucyl-L-leucine) or without it. Cells were collected on 0, 6 and 24 hours of glucose adaptation
by centrifugation (3500 rpm, 10 min), disintegrated in 50mM potassium phosphate buffer pH
7.0 with equal volume of glass beads (15 min, 4°C) and after dialysis cell free extract was used
for the further investigation. The obtained protein samples were used for Western blot analysis
after protein content determination by the Lowry method [13]. SDS-PAGE and immunoblotting
were performed as described previously [11, 12]. We used antibodies against the human FBPase
and against the AOX of P. pastoris. Antigen-antibody complexes were detected by enhanced
chemiluminescence. The FBPase activity was assayed as in Gancedo J. etal. 1971. [5] with some
modifications. Alcohol oxidase activity was determined by the ABTS/POD (2,2-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid)/peroxidase) method as described in [17].

Results and discussion

As it was mentioned before, the Saccharomyces cerevisiae FBPase is degraded by the
proteasome-dependent pathway after glucose starvation of the yeasts for 1 day and by the vacu-
ole-dependent pathway (autophagy) after glucose starvation of the cells for 3 days. In this work,
we studied inactivation and degradation of cytosolic enzyme FBPase versus peroxisomal AOX
in the methylotrophic yeast P. pastoris. To inhibit proteasome-dependent degradation of FBPase,
we applied the peptide-aldehyde proteasome inhibitor MG132 which inhibits 20S proteasome
activity by covalently binding to the active site of the beta subunits and effectively blocks the
proteolytic activity of the 26S proteasome complex [8].

It was found that inactivation of the FBPase insignificantly was inhibited by proteasomal
inhibitor MG-132 in all strains. According to the levels of FBPase upon short- and long- time
starvation conditions we suggest that inactivation of FBPase didn’t depend on the duration of
glucose starvation in methylotrophic yeasts P. pastoris in contrast to baker’s yeasts (Fig. 1, 2).
Studying the inactivation of peroxisomal enzyme AOX was used as a control.
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Fig. 1. Inactivation of cytosolic enzyme FBPase versus peroxisomal AOX in wild type strain GS200,
SMD1163 and Agss/ after short term starvation (1 day)

The FBPase and AOX inactivation on 24 hour of glucose adaptation after 1 or 3 days incu-
bation in methanol containing medium in proteinases defective SMD1163 strain was retarded in
contrast to that in the wild-type strain. Therefore we suggest that normal functioning of vacuoles
has higher impact into inactivation of FBPase than that of proteasome, especially as addition of
MG132 had insignificant influence on FBPase inactivation. Retardation in FBPase and AOX
inactivation in Agss/ strain can be caused by damaged glucose recognition and/or changes in
glucose transport and therefore further changes in processes involved in glucose catabolite inac-
tivation (Fig. 1, 2).
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Fig. 2. Inactivation of FBPase versus AOX in GS200, SMD1163 and Agss/ after long term starvation (3
days)

The results of Western blot analysis were correlated with enzyme inactivation data. West-
ern blotting analysis showed that during inactivation of FBPase, degradation of the corresponding
protein occurs and proteasomal inhibitor MG-132 only slightly inhibited this process (Fig. 3).

It is known that AOX is degraded by autophagy and its degradation in strain SMD1163
is suppressed due to defects of vacuolar proteinases. At the same time, degradation of FBPase
was also damaged in this strain suggesting the role of vacuoles in degradation of this enzyme.
Degradation of FBPase was also strongly retarded in Agssl mutant defective in glucose sensor
suggesting the role of glucose signaling in this process (Fig. 3).
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Fig. 3. The Western blotting of FBPase degradation using human Fbp1 antibodies in the wild-type strain

GS200, SMD1163 and 4gss! with and without addition of proteasomal inhibitor MG-132
Thus, the glucose signaling is involved both in the inactivation and degradation of cytosol-

ic enzymes and in pexophagy. Degradation of cytosolic enzyme FBPase are occurred by mainly
in vacuolar pathways independently on the duration of glucose starvation of the methylotrophic
yeast in contrast to the baker’s yeast.
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JETPAJTAIIMHA ITHAKTUBAIIS IIMTO30JIbHOTO ®EPMEHTY
®PYKTO30-1,6-BI®OCPATA3H 3A YMOB I''TIOKO3HOI AJTATITALIILI ¥V
METAHOJIBUPOINEHUX APIKIKIB PICHIA PASTORIS
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MetuaoTpodHi ApixkaxKi MOKYTh BUOIPKOBO BUKOPUCTOBYBATH CyOCTpaTH 3i cyMii
pi3uux mxepen KapOony, ane rirtokosa i ppykrosa € 6inbi Burinaumu. [lepeHeceHHs KIIThH,
BHUPOIIECHNX HAa METaHOJI, B CEPE/IOBHILE, K€ MICTUTh IJIFOKO3Y, MPU3BOAUTD 0 LIBUAKOL
iHaKTUBALil Ta Jerpajalii MepOKCHCOMHMX 1 IMTO30JBbHUX (EPMEHTIB MeTaboii3my
Mmertanody. Lle siBuine BijoMe sik KkaTtaboJiiTHA iHAKTHBAIlis, 10 MOXKe BiOyBaTHCs 4depes
HOpPOTEONTHYHY Jerpajaimito. Jlerpajaiisi MepoOKCHCOMHHMX (EpMEHTIB  BiOyBa€eThCs



H. Byn6bomka, E. fleskis, E. Amumpyk, A. CubipHuli
46 ISSN 0206-5657. BicHuk JlbBiBCcbKoro yHiBepcutety. Cepis 6ionoriyHa. 2016. Bunyck 73

BHACIIZOK JAerpafauii nuiixoMm asrodarii (mexcodarii) y MeTunoTpodHHX APiXKIKIB,
TOAI SIK MEXaHI3MHU JIerpajaliii Ta iHaKTUBAL[]l [IUTO30IbHUX (EPMEHTIB 3aUIIAIOTHCS He-
BioMuMH. MU BHBYAIM IHAKTHBAIIO 1 JErpajaliifo [UTO30JbHOr0 (epMeHTy (pyKTO30-
1,6-6ipocdarazu (ObD-a3u) MOPIBHAHHO 3 MEPOKCHCOMHOIO ANKOroNboKcHaa3oi (AO).
Herpananis ®@bd-a3u Oyna nomkomkeHa B MytanTta Pichia pastoris SMDI1163 (pep4
prbl) 3 nedexToM BakyOISIPHUX MPOTETHA3, IO CBIAYMTH PO POJIb BaKyousel y aerpagamii
LUTO30JbHUX (epMEHTIB MeTabodi3My MeTaHody. IHaktuBamis i nerpamauis ®bd-a3u
TaKOX 3HAYHO CIOBUIPHEHA y MyTaHTa Agssl 3 nedeKToM CeHCopa TIIOKO3H, IO MOXe
CBIZTYUTH TIPO POJIb CUTHANI3ALIT TITIOKO3U B JAHOMY ITPOIIECi.

Kurouosi cnosa: metnnorpodHi apix ki, Gppykroso-1,6-6idpocdarasa, inakruaris,
Jerpaaiis.
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Y METAHOJIBBIPAIIIEHHBIX TPOXKKEN PICHIA PASTORIS
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MeTHnoTpopHbEIE JPOXOKH CIIOCOOHBI BBEIOOPOYHO HCIOJIB30BaTh CyOCTpaThI
N3 CMECH pa3iIH4YHBIX HCTOYHUKOB YIJIEpoJa, HO TJIOKO3a W (pyKTO3a SBISIOTCS
NIPEANOYTHTENILHEIMHU. [lepeHoC KIETOK, BBIPAIIEHHBIX B Cpele C METaHOJIOM, B
cpeiy, COJepiKallylo TJIOKO3y, IPHBOJUT K OBICTPOM HHAKTHBALMHM M JETPajaliu
NIEPOKCHCOMHHMX W LUTO30JIBHBIX (EPMEHTOB MeTaboim3Ma MeTaHojda. ODTO SIBICHHE
N3BECTHO KakK KaTaOOJMTHAs WHAKTHBAIMS, KOTOPAs MOXET MPOUCXOAMTH IOCPEICTBOM
IIPOTEOJINTUYECKON Jerpamanun. Jlerpaganus HepoOKCHCOMHUX (EPMEHTOB MPOHMCXOIHUT
BCyleIcTBUE ayTodarun (mekcodaru) B METHIOTPOQHBIX IPOXIKAX, TOTAAa KaK Mexa-
HU3MBI JIeTpaJlaliiil ¥ WHAKTUBAIMN (DEPMEHTOB LUTOILIA3MBI OCTAIOTCS HEH3BECTHBIMU.
Mpbl n3y4anM HMHAKTUBALMIO W JErpajaliiio LUTO30JbHOrO QepMenrta ¢pykroso-1,6-
oucgocdarassl (PbP-a3br) M0 cpaBHEHHIO € NEPOKCHCOMAIBHON aNKoroinbokcuasoi (AO).
Herpananuss @bd-a3pr Obu1a noBpeskaeHa y myranta Pichia pastoris SMD1163 (pep4
prbl) ¢ nedexraMu BaKkyoJISIPHBIX IPOTEHHA3, YTO CBHUAETEIBCTBYET O POJIM BaKyoJel B
JierpaJaliy IUTO30JIBHBIX ()epMEHTOB MeTab0oIN3Ma MeTaHoJIa. FIHAKTUBALIHS H JIeTpalalins
OB ®d-a3pl TaKkke CHIIBHO 3aMeyieHa y MyTanTa Agss/ ¢ 1e()eKTHBIM PEeLenTOPOM IIIFOKO3HI,
IIpenoaras poJib IIFOKO3HOH CUTHAIBHOM TPAHCIYKIMH B 9TOM IIPOIIEcCe.

Kniouegvie  cnosa: MeTHnOTpodHBIE ApOXKH, (HpykTo30-1,6-0ndocdarasa,
MHAKTUBALWS, JeTrpaIaliys.



